ABSTRACT Despite similar degrees of left ventricular systolic hypertension shortening characteristics are usually greater in patients with congenital valvular aortic stenosis (VAS) than in patients with coarctation of the aorta (CoA). We hypothesized that these dissimilarities were caused by differences in myocardial mechanics rather than by alterations in contractile state. Eleven patients with VAS (ages 6 to 41 years) and 11 with CoA were matched for age, body surface area, and peak systolic ejection gradient. Results were compared with data from 22 normal subjects matched for age and body surface area. Echocardiographic tracings of the left ventricle were recorded in conjunction with left ventricular pressure measurements (VAS) or calibrated carotid pulse tracings (CoA and normal subjects). Peak and end-systolic wall stresses as well as left ventricular shortening fraction (%AD) and rate-corrected velocity of fiber shortening (Vcfc) were calculated. No differences for left ventricular dimensions, heart rate or peak wall stress were present. Ventricular peak systolic pressures and wall mass were higher for the patients with VAS or CoA than for the normal subjects (p < .001). These parameters did not differ between the VAS and CoA groups. The patients with VAS had higher %fD and Vcfc than either the CoA or normal groups (p < .01). Afterload, as quantified by end-systolic stress, was 41% lower than normal for the patients with VAS (p < .001) and 13% higher than normal for those with CoA (p < .05). Left ventricular contractility as assessed by load-independent indexes (i.e., end-systolic stress/WAD and end-systolic stress/Vcf, relationships) was depressed in three of 11 patients with CoA. All of these patients were over 20 years of age. In contrast, the increased systolic performance noted in the patients with VAS was caused by reduced afterload at end-systole rather than by altered contractile state. Thus the extent and velocity of left ventricular shortening is lower in patients with CoA than in those with VAS because of disadvantageous afterload conditions and/or an age-related depression in contractile state. Circulation 72, No. 3, 515-522, 1985. PATIENTS wth congenital valvular aoartic stenosis (VAS) or coarctation of the aorta (CoA) have left ventricular pressure overload resulting in concentric ventricular hypertrophy. The stimulus for hypertrophy in both of these lesions is believed to be the peak forces (i.e., wall stress) acting on the myocardial fibers during systole.'-7 The ventricle responds by increasing wall thickness until peak systolic wall stress is normalized.2' 3 Despite a similar hypertrophic response to long-term pressure overload, the left ventricle in patients with VAS is frequently hyperkinetic when compared with that in patients with CoA.7-'l Indeed, chil- 
PATIENTS wth congenital valvular aoartic stenosis (VAS) or coarctation of the aorta (CoA) have left ventricular pressure overload resulting in concentric ventricular hypertrophy. The stimulus for hypertrophy in both of these lesions is believed to be the peak forces (i.e., wall stress) acting on the myocardial fibers during systole.'-7 The ventricle responds by increasing wall thickness until peak systolic wall stress is normalized.2' 3 Despite a similar hypertrophic response to long-term pressure overload, the left ventricle in patients with VAS is frequently hyperkinetic when compared with that in patients with CoA.7-'l Indeed, chil-dren and young adults with VAS often demonstrate a progressive increase in the extent and velocity of myocardial shortening associated with increasing left ventricular peak systolic pressures and transvalvular pressure gradients.7' 8 11 This response appears to contradict the usual inverse relationship between left ventricular shortening characteristics and afterload. 12-1 Recently, we showed that afterload, as measured by end-systolic wall stress, is an important determinant of the extent and velocity of left ventricular fiber shortening in humans. [15] [16] [17] [18] This study explores the hypothesis that differences in ventricular afterload rather than differences in left ventricular contractility could account for many of the dissimilarities in ventricular shortening characteristics found in patients with VAS or CoA. This issue was examined by means of load-independent left ventricular end-systolic indexes of contractility in age-and body surface area-matched patients with VAS or CoA and normal subjects.
Methods
Study popuh7.tion. The study population consisted of 11 patients with isolated congenital VAS and 11 age-matched patients with uncomplicated CoA (table 1) . Ages ranged from 6 to 40 years and 6 to 41 years, respectively. None of the patients with CoA had evidence of VAS on physical examination or by two-dimensional echocardiographic study. All patients were well compensated with no history of congestive heart failure and no findings of diminished cardiac output at the time of study.
Comparisons between the patients with VAS or CoA were made with 22 normal subjects matched for age and body surface area. These subjects were free of known cardiovascular disease and none was a competitive athlete. All subjects had normal two-dimensional echocardiograms without evidence of valvular heart disease, regional wall motion abnormalities, or increased left ventricular wall thickness.
Experimental design. All of the patients with VAS underwent routine right and left heart catheterizations performed from the femoral vessels. Left ventricular and aortic pressures were recorded with fluid-filled catheters attached to Statham P23Db transducers zeroed at the midchest level. Simultaneous left ventricular pressure as well as high-frequency phonocardiographic, M mode echocardiographic, and electrocardiographic tracings were obtained. Echocardiographic data were recorded with either a 2.25 or 3.5 MHZ transducer on an Irex Systems lI or Hewlett-Packard ultrasound module. Ultrasound images of the left ventricle were obtained above the level of the papillary muscles just off the tip of the anterior leaflet of the mitral valve. Patients with left ventricular regional wall motion abnormalities or evidence of coronary artery disease on coronary angiography were excluded from the study. Peak systolic ejection gradient across the aortic valve was measured by catheter pullback from the left ventricle to the aorta. Left ventricular end-diastolic dimension and wall thickness were measured at the beginning of the Q wave of the electrocardiogram while end-systolic dimension, wall thickness, and pressure were measured at the first high-frequency component of the aortic second heart sound. Values for each of the above were taken as the mean of five cardiac cycles.
Patients with CoA as well as normal subjects had simultaneous electrocardiogram, phonocardiogram, left ventricular M mode echocardiogram, carotid pulse, and systemic blood pressures recorded. Peak pressure gradients across the site of CoA were measured as the difference between systolic pressures recorded simultaneously from the right leg and right arm. The carotid pulse tracing was recorded from the right carotid artery and calibrated with the Dinamap 845 Vital Signs Monitor (Critikon, Tampa, FL). This method of calibration involves assignment of systolic blood pressure to the peak of the tracing and diastolic pressure to the nadir. [15] [16] [17] [18] [19] [20] This device has been shown to estimate central aortic pressures accurately over a wide range of values in children and adults.'9' 20 Echocardiographic measurements were performed as described for the patients with VAS. The pressure tracings as well as the left ventricular echo- were determined for all patients with VAS or CoA. Previously reported normal values for these relationships were used to define data points statistically different from the normal population. 15 16 Results Table 2 summarizes the hemodynamic data for the three study groups. Left ventricular peak systolic pressure, peak systolic ejection gradient, end-diastolic wall thickness, and wall mass were higher for the patients with VAS or CoA than for the age-matched LV Peak Systolic Pressure (mmHg) FIGURE 1. Plot of left ventricular peak systolic wall stress vs peak systolic pressure. The shaded area represents the 95% confidence limits for peak stress generated from the normal subjects in this study. preload dependency, the concordance of data for these two relationships within the VAS and CoA groups suggests that preload was not a hemodynamically important determinant of differences in left ventricular performance in these resting measurements.
The age-related differences in the contractility data in our VAS and CoA groups are in agreement with the previously described natural history of these two conditions. 10 Throughout the latter two-thirds of ejection, the reduction in ventricular dimension and increase in wall thickness result in a progressive decline in instantaneous wall stress. This ability of the myocardium to ";unload" itself is greater in the normal ventricle than in the dilated failing ventricle.27 As illustrated in figure 4, the heart with VAS has a greater than normal fall in load (i.e., wall stress) by end-systole. In contrast, CoA is characterized by less "unloading" than normal and high end-systolic wall stress values. The resultant mechanical disadvantage in CoA has several implications. First, although hypertrophy in patients with CoA results in normalization of peak systolic wall stress so that the maximum force per unit cross-sectional area is not elevated, the left ventricular shortening load (i.e., integral of wall stress over ejection time) is higher for patients with CoA than for these with VAS. This suggests that myocardial oxygen consumption was increased in the patients with CoA, since shortening load and oxygen consumption are linearly related.22 This could well play a role in the accelerated myocardial deterioration typical of this disease. Second, as we and others have reported,37 for an equivalent degree of hypertrophy both systolic shortening and myocardial thickening relate directly to early diastolic function. Thus elevated late systolic load and the consequent reduction in systolic function result in impaired early diastolic function.37 This would be expected to be of greatest importance during exercise. Combined left ventricular diastolic and systolic dysfunction in conjunction with an inability to increase blood flow maximally to the lower extremities may contribute to the decreased exercise capacity reported in patients with CoA relative to normal subjects or patients with VAS.38. 19 
